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THE NECESSITY FOR IMPROVED GAS APPARATUS. 



'I 1 ' 1 *' ity for improved apparatus for (he manufacture of gas can be best appreciated by 

enumerating the defects of the various coal bench and water gas processes now in use, 

DEFECTS OF THE COAL BENCH PROCESSES. 

Coal benches and retorts are expensive to construct and maintain, laborious and bIo 
operate, and expose unnecessarily large surfaces to the radiation and loss of heat. 

3d.— Owing to the interposition of tin* retorts, ouly an indirect nmtact <> f heal with the coal 
- coked is possible. As retorts are very poor conductors of heat, t in--" and a half to lour 

liuui',1 iirr required to carbonize the coal, thus adding to tie- cosl ol the labor, and of the gas 

generated, and restricting the production. 

Note — liv the <liiv<-i r.»ni.-iri of heat, bituminou /> i\ in I. - , ,•■ ,n ipm 

3d. — A large portion of the condensable vapors arising From the retorts, instead of being h< 
and expanded into a fl 3, are, on the contrary, chilled and condensed into tar, by being 

plunged into and through the water in the hydraulic main. 

4th. — A large loss of heat and gas is caused 1 ing the retorts, w il hdrawing the if 

cent coke, and quenching it with water. 

nth.— The retort and coal bench system is best adapted for the manufactc keand tar. 

For such purposes, no better apparatus could be devised. These are, in fact, the principal 
products of the works, and gas is really the u by-produ The coke and 

carbon, are much more valuable fur the manufacture than for any other purj — ; but I 

cannot be further utilized in the retorts. Their Balable value 

of the salable value of the gas, though capable, when prop ilv d pro lucing much n 

than the volume of volatile hydrocarbons first driven from th 

6th.— Another apparently insurmountable defect in the retort process is.— the low candle 
power of the gas generated. To compete with the electric light 1 which has evidently come to -tay), 
a -as of high candle power is required. Coal gas lacks one of the principal and most essen 
elements of a high candle power gas ntilizable in large burners; via , carbonic oi ( 

Coal intains only B to 10 p it of this nd then hen it is burred, in 

niched with heavy hydn 

ion of the carbon is thereby lost and wasted. Illuminating per 

cent, of carbonic oxide, owing to the pree I which, when ban My 

smokeless tlame is produced, which may b^ o f very hi<;li candle power, 



DEFECTS OF THE WATER GAS PROCESSES. 

The defects in all of the cupola systems of water gas manufacture, can be stated as fol- 
lows, viz. : 

1st. — A large amount of heat is blown out of the tops of the apparatus and lost, while heating 
up the combustion and fixing chambers, as the natural and strong tendency of the hot gases to 
rise, and escape from the openings in the tops of the generators and superheaters, is accelerated 
by the air blasts. 

2d.— A large amount of heat is driven out of the apparatus into the water seals, and lost when 
making gas, by the operation of the current of steam and hot gases passing through the apparatus 
in an upward direction, and the loss of heat is equivalent to the loss and waste of coal. 

3d.— In the case of most of the cupola water gag By stems, the ash pits in the generators are 
chilled by the cold air blasts ; then, when steam is admitted below the grate bars, it is condensed, 
and rapidly puts out the fires at the bottom, clogging the base of the combustion chambers with 
dead coal, and the -team is apt soon to pass through the fires without being wholly decomposed 
w. e M broken up by contact with the incandescent carbon, forming carbonic oxide and hydrogen 

.; and, as the passage of steam through the fuel rapidly chills down the tires, no useful purpose 
is accomplished, and loss and waste are caused thereby. 

4th.— In the case of other well-known water gas systems, an additional large loss of heat 

ilte from sending the non-illuminating water gas from the generator to a separate and special 

holder, where the beat contained in it is entirely lost. Special retorts are also required, and heated 

up in the usual manner, to re-heat, carburet and fix the enriched water gas, which adds largely to 

the COBt of the construction and maintenance of the apparatus, and thus to t) ■ gas. 

5th. All of the water gas apparatus now in use are confined to the use of hard coal (or col 
and naphtha. The demand for naphtha has now increased to such an extent that prices have been 
advanced, and are now apparently based npon the principle of "all that the traffic will bear;" 
and. of course, the traffic will now bear a price which brings the cost of enriched water gas up to the 
gas. As the manufacture and sale of naphtha is in the hands of, and lied by, a 

individuals, it is no! likely to sell again at low prici I such an extenl have 
prices been advam i companies that once found the manufacl , hard 

naphtha profitable and economical, have now Btarted np their coal bencl n In 

■ 0BM <** B tbe nsc " ! h:i! j ' ,:i1 al,(1 naphtha apparatus a entirely discontinued, [n others 

a plants are used tog< ther, as described on the folio* 



BITUMINOUS COAL. 

ta tlw va demon* that 

itumin " mposing 

witl1 : < nbustioi ne in I mens 

^PPlyioj irtially oombu wind, in 

tnufacturina 

1 Olumioal 



is charged with 65 to 70 per cent of incombustible nitrogen (derived from the air), which deterio- 
rates its heating and illuminating qualities. 

In the manufacture of water gas from bituminous coal, it has therefore been found necessary 
to first coke or carbonize the coal in retorts by the indirect contact of heat (thus making it equiva- 
lent to hard coal), then to open and withdraw the coke from the retorts, and transfer it to the 
water gas furnaces in a chilled or entirely cold condition, where it could be raised again to 
incandescence by an air blast for the purpose of decomposing steam by passing the steam through 
the incandescent coke. 

In confirmation of tic foregoing, the following is clipped from the May, 1886, number of the 
Pro</ Age and Water Gas Journal, page 71. being a portion of an article entitled 

"Professor Lowe's Valuable Suooi ." in reference to the Philadelphia <*as Works 

"In cities like Philadelphia, and other large cities where bituminous coa] is cheaply obtainable, - iUl nut be 

complete until it bad both coa] and water gas methoda erected In the beat manner Appreciating this, the coupanj which I 
represent, tome tim< rol of one of the most complete ij stems <>t r< gen< ratire gas font \t production of 

coal gas, which can be operated either independently or in conjunction with i i plant; and, whi I In conjunction 

frith water gas generators for such a city sa Philadelphia, I wmiM onlj make what water gas could be produced bj 
the surplu iwn from the retorts In this way the companj would nol be compelled to hunt & market foi coka, and then 

of ten at a price which hardly pays tha handling. The second advantage ol making pan water gas is that th< wei can be 

■ to twenty-two or twenty four candles without smoking, which t ids from coal oi oil without i he m 

of wa1 II another great advantage In I ■ e . an more n adil] control the n 

for gs : erialfl If oil (naphtha), the enricher of * itinued; and, oo 

the other lnimi, if coal reaches too high i figure 

portion oi can be manufactured, For these n isons I would recommend tin* plan in nearly all laj I 

to overestimate the ad* u nsing up all surplus coke in this w 

The soundness oi the "valuable suggestions" of tie* wise and good Professor is evidently 
heartily endorsed by the editors ami proprietors of the Prog - the article from which 

the above is taken sagely concludes as follow-, viz.: 

" We know Tint', i rorth in tl s much w< ih thinkio 

desire the best p position of the gas worki difflcu I 

Although the foregoing is the usual course of operations, "thinking citizens' 1 will, n< 
theless, observe that the method advised by the learned and honored Prol requires the 

construction and operation of two distinct sets of apparatus; viz., coal benches, or retorte 
utilizing bituminous coal; and water gas furnaces for utilizing hard coal (or coke) and naphtha 
which apparatus the company represented by the Professor have, as In- states, "secured control/ 1 
but which are, nevertheless, Bubject to all of thed< previously mentioned. 

h apparatus have been in use long enough to fully demonstrate the tart, that, by tl 

such etude, primitive and imperfect methods of manufactUl never has \ rj, at 

be, produced in sufficiently large volumes and at such low cost ae imon 

article of fuel. The deliver] of gas throughout the principally for illuminating pur] 

now ai tit four hours per day. Twenty bours per day the costly network of mains 

and pipes lie idle in the ground. Five-sixths of the iir aid upon the coal of the woi 

lost and wasted by their enforced idleness a I >rtion of the tin. -d by the small volume 

and high cost of tl merated, and tl - .pient limited usee to which it i lied As 

long as the IV mmends a continuation of this policy, il tionable whether b< 

the company he represents have fully comprehended and g letailof "tl 

difficult 



UNDEVELOPED WATER GAS TERRITORY. 

The range of improvement, therefore, lies in the direction of providing in_onecomDact 
apparatus, nnd in one continuous process, for rapidly generating gas in large volumes by carbon 
izing bituminous coal by the direct contact of W. without the interposition of practically non- 
conducting retorts ; for raising an ample quantity of the resulting hot coke to incandescence 
by air blasts for decomposing steam without opening or withdrawing the hot coke from th e apm 
_nitus; for generating water gas by passing juj»eiiieated_steam through the incandescent coke 
_wi hout extinguishing the fires at the bottom ; for carbureting the resulting water gas with the 
;;° latlle ''yjroearbons thrown oil from the bituminous coal while being carbonized, and enriching 
lie gas still further with the rich gases generated by vaporizing and volatilizing cruofo^etroleum 
by the direct contact of heat ; for combining and fixing the mixed gases by h eat into a hoS T 
geneous gas ; and for better methods of storing a nd retaining the h P nt. in the coking, combustion 
superheating and fixing chambers. n ^ u,lluU!5tlon > 

When the foregoing is successfully accomplished, the wide gap now existing between gas 
works as they are and gas works as they should be will have been filled up. Gas of hfoTcandfo 
power can hen be manufactured in such enormous volumes, and at such low cost, afto enable ^ 
companies to furnish it as a common article of fuel. g 

The handling of crude fuel and ashes will then all be done at the gas works by machinery 

ity to every commercial rateresl m the coui J' With „ ew ncrl f 'f'T W " ?"** pros P el " 
harmony will be promoted betweeD aZ ^d «ST toZr^t^T* .'"a rf tadn8W ". 

aged, and the world will have takeE -mo r Lr- ,tri.iL "T °" ""' be Btimalated and encour- 
methods ot the past, toward ^^a^J^J™?Z^ ^"^ ^ — 

HIG IlTuZ L OUs°^Af aln TEE GAS ' AS MANUFACTURED FROM 
BITUMINOUS COAL AND CRUDE PETROLEUM BY HENRY 

C. REW'S IMPROVED PROCESSES AND APPArItUS 

th e ^m^a^r ^L- T '""\ l^H^ i^n^ ^ved aoncens .w ,. 
apparatus wl oh is prelernhlv const n Z ,'f « 'i , ' " P er8 P M1 ™ »«• or one form ot the 

"• however, be steady illcrM J I y w din" oft ,13" , 'a CapaCi ' y ° f """ "^ 

is rehired. In ,l,i s manner this .pp^ ^SZS^^^"- N ° g '^ "<*"< . 

Figure 2 is a plan view of the 'same apnaiatns i r , r ; h 

aerative chambers, the water seal, and outlets L «7iS U ' e P osifion of the fuel and 

■„. air. oil. • 6tS f ° r gaS and Wa8te I'^ucts of combustion, inlets 



Figure 3 is a section through the line 1 1 of Figure 2, and is an elevation of one coking and 
combustion chamber, and a vertical section of the corresponding chamber. Both of these structures 
are alike in external and internal construction, and have the same inlets and outlets. 

Figure 4 is a horizontal section through the line 1 1 of Figure 3, showing the internal hori- 
zontal construction of one coking chamber and the openings through which the coke passes from 
the coking to the combustion chamber. 

Figure 5 shows the details of the ash outlets at the base of the combustion chambers. 

Figure 6 is a vertical section of one coking and combustion chamber and of the connected 
regenerative chamber on the line 2 2 of the plan view. The corresponding chambers shown in the 
plan view are the same in external and internal construction, and have the same inlets and outlets. 
The solid arrows in all of the drawings indicate the direction in which the air blasts, coal gas and 
products of combustion pass while heating up the apparatus previous to making gas. The- broken 
arrows indicate the direction in which the steam, water gas, coal gas and oil vapors pass when 
making gas. 

Figure 7 shows an elevation of one regenerative chamber, with its connecting air blast pipe and 
outlets for gas and products of combustion, water seal, etc., on line 3 3 of the plan view. The cor- 
responding regenerative chamber, shown in the perspective and plan views, is similar in construc- 
tion, and has the same inlets and outlets. 

Figure 8 is a perspective view of a different form and modified construction of the same appa- 
ratus, adapted for use in large cities, where an enormous volume of gas is required to supply the 
large demand for fuel, power and illuminating. 

Figure 9 is a horizontal section of this apparatus through the combustion and regenerative 
chambers, and shows the central air-blast inlet for the combustion chambers, the air-blast inlets for 
the regenerative chambers, the flues connecting the combustion and regenerative chambers, the 
outlets for gas and products of combustion, water seals, etc. The apparatus may be constructed 
one-half of the size shown in the drawing*, with but single outlets for gas at each end. The width 
of the apparatus on the line of the grate bars is limited only by the length of the tools that can be 
conveniently handled in cleaning the grates, removing ashes, cinders, etc. The thickness of the 
fuel bed on the line of the air blasts should not exceed three feet, as experience shows that air 
blasts can not penetrate and cause complete combustion of fuel beyond that limit. 

Figure 10 is a vertical section of this apparatus on either of the lines X— X, of Figure 9, show- 
ing the relative position of the coking, combustion and regenerative chambers, the air-blast pipes 
and the flues connecting the chambers, also the outlets for gas and products of combustion, water 
• seals, etc. The attention of the reader is called to the points of similarity between this apparatus 
for manufacturing gas and the Siemens regenerative furnace,* for burning gas. It will be seen 
that the waste products of combustion are sent from the bottom instead of the top of the regen- 
erative chambers in both instances, by which means the heat generated by the combustion of the 
gas and coal is retained in both apparatus in the most economical manner, and aids in maintaining 
the heat of the central chambers. 

* NoTE.-Vertical sections of the Siemens Gas Producer, with the analysis of the gas generated; also vertical sections of the 
Siemens regenerative furnaces, can be seen in the Encyclopedia Britannica, volume 13, pages 294, 295 and 341. The reader will 
there find the method explained, by which (with a gas only 30 to 35 per cent, combustible, and which generates a heat of only 
700 to 800 degrees when first burned) a steel-melting temperature of 3,500 to 4,000 degrees is raised and maintained in the central 
melting cli ambers. 



Figure 11 is a vertical section of the wall between the combustion chambers, showing the air 
ports and connecting flues and the construction of the special fire brick required to form the tier 
forated wa dividing the combustion chambers. The principles and method of operating are the 
same in both forms of the apparatus. ° 

Similar letters of reference designate like parts in all of the drawings, as well as in the draw 

ZutacZ7S, t.^/^^ " tLe ^ ^ * ** *>' i-P-e^itX 

ne^l^I^T^X EST sr^tsw con " 

for steam (» G») and -gas (H- H,, enter hoi of the ash pits JZr^J ££ bar Suitable d'oors 
(B B') are provided tor cleaning the grates, removing ashes and other purposes. 

Flues L L ; connect the upper part of chambers A A 1 'sav four tn c ,v tw „u n 
■»«,*,., the „„„ pan „ d , aml ,'„ s B E , The ^ m A be ;f| E° are «: » e « Ifo/L US 
chambers, and are nearly fill-d with loosely oiled refraotnn .....ol.ofi £, V ° g 

generating chamber, A .v. are ann M b/.hfct~<Ln^ 

directly connected therewith by open flues a s a 8 in onW iw iw l »S ^amoers, a a , andaie 
chambers, and that the coal, wheJ carl ouiUl m; v t d w , £ f 7 ^ CUCU , late bet ™* the 
chambers into the combustion chamber %e S ^ hy f** 1 * from the coki,1 S 

with any suitable tighl lading a, a atu's „ . , t "f,, l "^ are P. refera ^ nt ^ at the top 
be provided for clinker bars used o "v i^ ^ ( o „ ' T ° PemngS (Z ^ with C0VerS ma ^ 
upper to the lower chambers A pipe 1 ' 1 M ?-■ ? ,<m "" e,,t °' ^ "^ ,,r ° m the 
at the top, and pipes A« A«, control™ by V , cl I'tT"* 18 the cokil ^ chambe ™ 

chambers with the upper part of the 4nlra"ve chambel " ^^ PWt ° f the C ° kiUg 

The regenerative chambers, E E\ are similarly an ^is i *. a - 

"^ p F ' 8team i " 1 "* p j p-. a ». and oS in i ■ h u of whLT With hot I'' inM 

suitable valves, as indicated. Al their bases thev are Lilariv ' ,; w ,,c ! P^ ar f patrolled bv 

•-•in'et pi,, , and steam inlet pipes </& al^wkh S ♦ > ?** ^ pipeS ' H H '' 

combustion, K K'. and gas outlet pipes (>' ill of : " " UtIet pi P es for ^ roducts of 

suitable Valves! as indicated. *hich inlet and outlet pipes are also controlled 

The operation of the apparatus is preferably as foil*™ . ti 

first mied with hard coal or coke, and the openings al theZsofTh! T""™* AA ' * *' m 

i ".-■ M* topsol the chambers are tightly closed. 

me valves kk 1 , controlling the outlets (KKh fnr nnwiiia» r i_ 
fuel is ignited on the line of the grate 1 bam and SvSL ""****, are then opened. The 
«"°ugb Pip* ■> 1>- wli,,, a^S,;" p^ducteof T*? ^°Z ^ **" ''"~ 

: """" ^ I"" "*ible; carbonic acid, aboutTp^fcen and „tro" '"^7" "^ 

non-combustible pass through dues L L [nte the to.,- „r h •""■'--"• r2 per cent., 

«*U "«tod .,• Rasing a,,,,,, tLX fluea in V: gen n rat, 7 " li: ""''^- E K 

( "-' ,1 — h A rial and oul at „ "'" and " 1 | ""'- 
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the air blasts are shut off. Jets of steam are then admitted through pipes G G 1 into the tops of the 
regenerative chambers, in order to drive out the incombustible gases remaining in the brick work. 
The outlets (K K 1 ) for products of combustion are then closed, and, say, the valve o\ to the outlet 
for gas, O 1 , is then opened. Steam, air or gas, or any desired mixture of the same, is then admitted 
at the bottom of chamber E through pipes GP F* H, and is driven up through the heated brick 
work, raising the steam or mixed gases to the temperature (say 2,000 degrees) necessary for 
their thorough decomposition when brought into contact with incandescent carbon. From the top 
of chamber E the mixed gases are driven through the flue L into and down through the incandes- 
cent fuel in chamber A, then through the flue C up and through the incandescent fuel in chamber 
A 1 . By their passage through the chamber E, where they are first highly superheated, then 
through and into contact with the incandescent fuel in chambers A A 1 , the gases are completely 
decomposed, and pure carbonic oxide and hydrogen, highly combustible gases (provided that gas 
or steam only, or a mixture of them, are admitted to the superheating chamber E), enriched by 
the hydrocarbons derived from the coal, are the result. From the top of the combustion chamber 
A 1 , the hot gases are passed through the flue L 1 into the top of the regenerative or heat-storing 
chamber E 1 , then down through the heated brick work, where they are combined and fixed into 
a homogeneous gas, and out at the outlet to the gas main O 1 . A test burner is attached to the 
main, and, in case the gas needs still further enriching, liquid hydrocarbons or their vapors may 
be introduced into chamber E 1 through the pipe M 1 and other controlling pipes; and, in their 
passage down through the heated brick work, they are combined and fixed with the other g\ 
into a homogeneous gas of any desired candle power, according to the quantity of oil and rich gases 
admitted through pipe M 1 . While making gas, the oil pipes may discharge oil directly into the coking 
chambers, wherein it is volatilized and vaporized by the direct contact of the heat, and the vapors 
may pass from thence, through the connecting flues, into the enriching and fixing chamber. Air 
alone, or a mixture of steam and air, may be used as a gaseous medium in the manufacture of 
gas, provided that it is desired to generate a heating gas which contains a portion of incombusti- 
ble nitrogen. A non-illuminating natural gas may be used as a gaseous medium in the manufac- 
ture of gas instead of steam, and converted into an illuminating gas of high candle power. This 
method is advantageous in regions where natural gas can be cheaply and abundantly obtained. 
As it is principally hydrogen, and contains little or no oxygen, the heat of the tires is longer main- 
tained, and it has been found necessary to highly heat hydrogen in order to cause it to absorb and 
combine with the carbon, and to hold it in solution until carried to the place of combustion. 

As the inlets and outlets to the regenerative chambers E E 1 are similar, the operation of gas- 
making can be reversed at will, according to the condition of the fuel and regenerative chambers. 

For instance, after heating up the apparatus, steam, air or gas, or any desired mixture of 
them, may be passed into the base of chamber E 1 , and through the combustion chambers, and the 
resulting gases may be combined and fixed in chamber E, and the gases passed out of the appa- 
ratus through the outlet O. The gas outlets, O O 1 , may discharge the gas into a common water 
seal, or hydraulic main, and the waste products of combustion may also be discharged into a 
single chimney or smoke-stack, as shown in Figs. 1, 2 and 3. 

The combustion chambers, A A 1 , are supplied with additional hot fuel as fast as it is consumed, 
by the coal or coke in the upper chambers, A 2 A 3 , falling by gravity, or being crowded down by the 
clinker bars, through the open connecting flues a 2 a 3 . As the coke or hard coal first supplied sinks 
down in the upper chambers, A 2 A : \ fresh bituminous coal is supplied through the openings at the 
tops of the chambers, after each run of gas, or as required. As the coal enters the carbonizing 
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chambers, it is brought into direct and continuous contact with the heat in the combustion cham- 
bers and regenerators, and the volatile hydrocarbons are thrown off during its descent through 
the upper chambers. While heating up the apparatus, in the manner described, the rich gases 
evolved in the coking chambers may pass down through the coal, or through the outside pipes 
A 5 A 6 , into the combustion chambers, or regenerators, where they will mingle with the products of 
combustion passing through flues L L l , and with the air entering the upper parts of the regener- 
ators through ports connected with the vertical hues F F 1 , and be burned, and thus aid in quickly 
heating the regenerative chambers previous to making gas. 

While making gas, in case the chamber E is used as a superheating chamber, and the cham- 
ber E l as a combining and fixing chamber, the coal gas valve a s is closed, and the valves a 4 and a 6 
are wholly or partially opened, thus directing the rich coal and oil gases from both coking cham- 
bers into the top of the combustion chamber A 1 , or into the top of the combining and fixing cham- 
ber E 1 , where they are mixed with the water gas generated in the lower combustion chambers, and 
aid in enriching and carbureting the gases; or, when operating the apparatus in a reverse direc- 
tion, the rich coal and oil gases generated in the coking chambers may, in like manner, be directed 
into chamber E. By this method of manufacturing a carbureted water gas and treating bitumi- 
nous coal, less oil will be required to enrich the gas to the desired candle power, and the coke and 
tar, which are the principal products (or so-called "residuals") of coal gas works, may thus be 
completely utilized, and wholly applied to the manufacture of gas. 

It will be seen that the apparatus may be divided and made into two separate and complete 
sets of generators and fixing chambers by closing the flue C, say by placing a valve or diaphragm 
on the dotted line x x, or by closing the flues with masonry, or in any suitable manner. Then, 
after heating up the apparatus as described, air, steam or gas, or any mixture of them, maybe 
driven into the ash pits below the grate bars through pipes 1) I) 1 . G G 1 , H 2 H 8 , and passed up 
through the combustion chambers, A A\ and the resulting through flues L L 1 , into the side 

generative chambers, E B l , where they may be enriched with the volatile hydrocarbons generated 
in the coking chambers, and with oil vapors, as described, and combined and fixed by passing 
them down through the heated brick work in chambers BE 1 . This method of operating the 
apparatus is convenient when it is desired to restrict the manufacture of gas by using only one 
side of the apparatus, or to shut down a part of the apparatus for repairs: although less satisfactory 

raits are obtained, for the reason that the steam partially puts out the fire when driven in at the 
base of the combustion chambers, and the decomposition of tb us medium- used in making 

i perfect and complete when they are Q0 { firs( superheated, and when they are passed 
through only a single bed of incandescent fuel to be decomposed. 

It will be understood that I do not limit myself to the precise arrangemenl Letails of my 

improi i d apparatus as bereinbef ribed \\ ith reference to the accompanying drawings, as the 

construction maj be variously modified without de] From the nature of my invention. As 

for instance, the hot products ibustion an into the b.V 

chambers and out at their tnp. I11:1V p , lerneath the 

robustion chambers, the apparatus may b with suitable 

dividiu I Detraction of the combined com' , , ;ij 

ma\ be modified in rarioui 

The adva: v this imp tion an n of my ap] are as 

foll< 
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ADVANTAGES GAINED. 



1st.— By passing the hot products of combustion downward through the brick work instead of 
upward, the heat is stored and retained in the regenerative chambers in the best manner, and 
according to the well-established principles shown in the operation of regenerative furnaces used 
for burning producer gas and generating heats for melting and combining metals, etc., in the man- 
ufacture of iron, glass, steel, etc. In these generators, the heat stored in the regenerative chambers 
aids in maintaining the heat of the combustion chambers, in the same manner that the heat stored 
in the regenerative chambers of metallurgical furnaces aids in maintaining the heat in the melting 
chambers. This special and very valuable feature is shown in no other apparatus for gener- 



ating water gas 

2d.— The heat in the combustion and regenerative chambers is brought into direct and contin- 
uous contact with the bituminous coal in the coking and carbonizing chambers, without the inter- 
position of valves or non-conducting retorts. 

3d.— The combustion chambers are continuously supplied with highly heated fuel, without 
being opened, and are not chilled by the introduction of fuel in a cold condition as in other appa- 
ratus, from which a large volume of gas and heat escapes and is lost, when the generating 
chambers are opened to be charged with fresh and cold material. 

4th.— The apparatus may be operated in whole or in part, and thus not require to be wholly 
shut down for repairs or other purposes at any one time. By this means, a practically continuous 
supply of gas is provided. 

5th.— Bituminous coal is quickly reduced to coke by the direct contact of heat, the resulting 
hot coke is raised to incandescence by an air blast, the volatile hydrocarbons evolved from the 
coal are used to enrich the water gas generated in the incandescent coke, which is entirely absorbed 
by and combined with the oxygen of the air, when heating up the apparatus, and with the oxygen 
of the steam when making gas; and thus the bituminous coal is wholly utilized in the manufacture 
of gas, including the coke, tar and heavy hydrocarbons, in one operation and apparatus. 

6th. — An apparatus is provided in which either anthracite or bituminous coal may be used in 
the manufacture of gas, according to convenience and the greatest economy, and in which large 
volumes of high candle power gas may be generated with the greatest rapidity, and with a com- 
paratively small amount of labor. 

7th. — By discharging the oils used for enriching the gases directly into the coking chambers, 
a method is provided by which crude petroleum may be utilized as an enriching agent instead of 
naphtha. The oil sinks into and with the coal until it reaches the heat where every grade of the oil 
is vaporized by the direct contact of the heat, and the coal gas and oil vapors are passed into the 
tixing chambers, and there mingled with and enrich the water gas generated in the combustion 
chambers. It is understood that the oil is allowed to flow into the apparatus, only while gas is 
being generated, and that the u residuum " of the crude petroleum is burned with the coke while 
heating up the apparatus by air blasts as described, preparatory to making gas. 

As crude oil is much more abundant and cheaper than manufactured naphtha, and contains 
much more carbon per gallon, it will be seen that great economy results from thus using it for 
enriching the water gas. It will also be seen that a gas of the highest possible heating and illumi- 
nating power may be produced. 



8th.— As the apparatus is designed to manufacture gae very rapidly, and as fast as it is drawn 
away from the works by consumers, less proportionate holder room is required as compared with 
works, the products of which are principally made up of coke and tar, and which can, therefore, 
manufacture gas but slowly during the day, which is largely drawn off by consumers at night. 

9th.— In proportion to their generating capacity, and adaptation to convert either anthracite 
or bituminous coal completely into gas and ashes, these apparatus are the cheapest and quickest 
to construct, operate and keep in repair, and expose the least possible surface to the radiation and 
loss of heat. 



GAS IN GENERAL. 



The inventor has worked on improved methods of gas manufacture for several years, 
with the idea in his mind, that, in this age of the world, it was as barbarous and unscientific 
for the consumer to use crude fuel as it would be to grind his own corn between stones, 
or pound his own wheat in a mortar. To-day, corn and wheat are sent to the mill, and the 
consumer uses the finished product. In the same way the crude coal should be sent to 
the gas factory, and the consumer should use only gaseous fuel, and that strictly on the 
around of economy, and for the reason that he secures a better and more convenient fuel for 
less money. The consumer of crude coal saves only about fifteen per cent, of the heat and force 
of the coal, and loses fully eighty-five per cent, in his method of combustion. The consumer of 
crude fuel in his stoves, grates and furnaces, is practically running his own gas factory (for fuel 
must be turned into gas, either before or during the process of combustion); and practical ex- 
perience demonstrates that fuel can be only partially turned into combustible gas by admitting air, 
which is composed of gases, practically eighty per cent, non combustible (nitrogen). This primi- 
tive method of manufacturing gas for fuel purposes results in great waste from the non-combustion 
of a large part of the gases produced and of carbon set free, which pass up the chimney unconsumed, 
in the form of smoke. Carbonaceous material can only be completely utilized in the manufacture 
of combustible gases by treating it with steam (as shown in these processes), which is composed 
of gases that are entirely combustible (oxygen and hydrogen). To-day gas is a luxury, and is 
used by not more than one-tenth of the population. When properly and economically manu- 
factured, and delivered in large volumes at prices that drive crude fuel to the gas factory, the con- 
sumer will use gas as freely in his stoves, grates, furnaces, burners and engines, as he now uses 
crude fuel, and at no greater cost to himself, but at a largely increased profit to the gas factory; for, 
while the consumer can save only about fifteen per cent, of the fuel by burning it in a crude condi- 
tion, the gas factory should save at least ninety per cent, bj^ converting it into gas before com- 
bustion, and the difference — seventy-five per cent. — (less cost of manufacture and delivery) would 
represent the profit to the gas works. 

The cost of delivering gas will also be greatly lessened by increasing the quantity delivered, 
and using the gas mains to their full capacity, day and night. 

The substitution of gaseous for solid fuel, and the suppression of the constantly growing 
destructive and intolerable " smoke nuisance " in all of the large towns and cities of the country, 
which will, undoubtedly, result therefrom, is the aim and the ultimate end of all improvements in 
gas manufacture. 
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The inventor believes that these most desirable results can be reached by the general adoption 
and use of these improved and perfected methods : and that, in short, these pi will not 

only supersede all other methods of manufacturing gas of high candle power, bur that they can 
not possibly be surpassed and superseded, as the best method is shown of storing and retaining 
heat in the apparatus; of bringing the heat into direct and continuous contact with the best, 
most abundant and cheapest varieties of both solid and liquid gas-producing materials ; of sup- 
plying an abundance of incandescent coal for decomposing superheated steam without quenching 
the fires at the base ; and of generating, enriching, heating, expanding and fixing the g ises in one 
operation, and in one compact and comparatively inexpensive apparatus. 



THE FUEL OF THE FUTURE. 

The general public have but a faint conception of th^ exceedingly important part that the 
Introduction of gaseous fuel is to play in tic development of the industi fttiou of 

the near future, nor of the gigantic struggle for manufacturing and commercial supremacy now 
impending between cities located in the regions of natural gas and all other manufacturing citi 
in the world, that must certainly follow the already accomplished introduction and utilization on 
an enormous scale of natural gases into the manufactures and mentioned citie 

The delivery of gas as a common article of daily and honrlj use is, therefore, do longer a mere 
fancy or sentiment, and tie* dream of an enthusiast, but a matter of posit b e and gro \ ing n< cessity 
in order to relieve the population from the nnnecessar} labor and drudgery of handling crude 
fuel and ashes, and to enable manufacturers throughout tie- country, and others dependent upon 
cheap fuel, to obtain gaseous fuel of the finest quality without stint or limit, so that thej may 
successfully compete with Factories and populations I in the favored regions ol l'<-m 

vania and elsewhere. 

Owing to defective and imperfect systems ol manufacture, comparativelj little progress fa 
been made in this direction, except in inventions for burning gas in the most beautiful and econom 
ical manner in stoves, fire places, engines, fui tnd improved burners for purposes oi illunii 

nating These appliances are in common use, and now the world is waiting for cheap and abun 
dant gas. It has been proposed to lay long lines of heavy mains, and pipe Datura] u f :i> from the 
Pennsylvania wells to the large cities, using powerful exha ind fans to nrge it through tie- 

pipes; but the beavy <«wr of the construction and maintenance of tie- mains, and tl quent i 

high cost of the gas and the uncertainty of the Bupply, makes capital rery timid of the outcome of / 
such doubtful enterprises, An attempt is now being made to supply tie- city of Buffalo with 
gaseou- find in this manner. To what extent Datura inch loi , and 

I at prices that will cause it to supersede crude find, remains to be seen. At a price equivalent 
to ten cents per thousand cubic feet, as ar Pittsburg, it is demonstrated that natura iper- 

sede > fuel, and drives it out of use; but at fifty cents per thousand, the price pr< to be 

charged at Buffalo, natural gas will undoubtedly prove to be a luxury, and out of reach of 
of the population, to whom crude c^al will continue to be a cheaper find. Ir has also I 
posed t<> delivers non-illuminating water gas which can be rapidly and cheaply roan 
large volumes by -imply passing superheated Bteam through incandescent coal, and p I this 

jcription ha put into operation at Troy, N Y.; bur this meth all limit 

defective and impracticable, for the 

volatil ins but a comparatively small number of heat nni 

be as reasonable b take to • turbine wto 
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attempt to supply the fuel of a city with such a thin gas as hydrogen, which is the unit of gases 
and the lightest gas known to science. At a very moderate calculation at least one thousand times 
as much of such a gas would be required for fuel as is now used for illuminating purposes. The 
author is indebted to Professor Elias Colbert, the accomplished mathematician of the Chicago 
Tribune, for the following very interesting calculation, viz.: 



"The mains required to deliver 1,000 times as much gas as is now supplied through a 20-inch main, arc shown iu the 
following table: 

No. OF 

Maths. 

1,000. 



500. 
250. 

100. 



Inches 
Diameter. 
20 



5o 



No. OF 

Mains. 

50 

25 

10 



In cues 

DrAMETER. 

06 

-:*> 

126 ~ 



"This table is computed on the hypothesis that the pressure on the gas is the same in each case; the quantity delivered being 
proportional to the fifth power of the sqi ire root of the diameter. But in practice one can increase the effective pressure in pro- 
portion to the Bquare root of the diameter and the velocity increases as the square root of the pressure. Hence, if the mechan- 
ical conditions permitted, the pressure might be so much increased with the size of the pipe as to allow ihe largest to be reduced 
to nine feet in diameter. It is pi tbable, however, that the condensation involved by this pressure would be too great for ordinary 
qualities of gas; but the diameter of the largest could be reduced to Less than ten feet, and the others in smaller proportion." 

The la vino; of Buch a great number of mains in the streets is, of course, out of the question, 
and it is se^n that when the number is reduced their size rapidly increases until the casting, trans- 
portation and laying are also entirely impracticable. Furthermore, in case a non-illuminating _ 
was delivered for fuel purposes, additional lines of mains would be required to deliver gas for 
illuminating purposes, thus greatly increasing the difficulty. 

Combustible gases have value for heating purposes only in proportion to the heat units contained 
therein. For instance, 1,000,000 feet of water gas which contained only 2"-. heat units per cul ic 
>t, would have no more value for heating purposes than 400,000 feet of gas which contain 
al units percubic foot; and the disadvantages would be decidedly with the former, as lar_ 
pipe would be required to conduct it to the consumer, it would have no illuminating power, and 
furnish only a sharp, short and quick flame, while less pipe would be required to conduct the 
latter; it would have high illuminating power, and furnish the long and easy rolling 

sired by engineers and furnace men who are familiar with tin 3 fuel. It 

therefore follows that the very best gas that can be made, viz.. an enriched ,1, 

as ; nature's highest combustibles, oxygen, hydrogen and carbon,— is not only tie ,,d 

cheapest fbi a gas company to manufacture and deliver, but is also the 1 
users of fuel to purchase and consume. This, then, is the coming "fuel of the future:* ft | fi 
b elieved that it will he fully ti> economical to construct the^ in ( ,,_ 

to the ])laceof conMin)).tion. and supply <;a< f or a ][ purposes, as to construct natural gas welR a nd 
lay from fifteen to thiity miles of heavy gas mains from the wells to the place of c oiiHimpti 
as is now done at Pittsburg and other places. " — 






N Md other places without meters, ti as to the 

nil- 1 being iponwhat ) iouslyl al to do the 

vhen the mam, 

ill furt' 

corner, tl g g the u* r a ll purp< 
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ELECTRICITY AS AN ILLUMINATING AGENT, AND ITS DEFECTS. 



The defects of the various systems of electric lighting can be enumerated as follows : 

1st.— To generate the energy and force necessary to produce electric lights requires, in the 
present state of the art, a plant which is very expensive, both to construct and maintain, consisting 
of boilers and the fuel to generate steam, high speed engines, swiftly running dynamos, and 
the firemen and engineers to care for the boilers and machinery. 

2d.— As only a moderate number of lights can be generated by a single plant, and which 
must be distributed within a small area, it follows that the light is very costly. The strong 
tendency of the electricity to radiate from the conductors and become dissipated in space is 
a defect that has not yet been corrected, though conductors of many kinds have been tried. 
It is known that not over one-fifth of the energy stored in the coal is developed in the crude 
manner of converting it into gas and burning it under the boilers, and it is also estimated that 
not to exceed one-third of the force and energy generated in the dynamos is developed in the 
lights. Thus it is apparent that not over one-fifteenth of the value of the coal is saved, and that 
fully fourteen-fifteenths is lost and wasted by these methods of illumination. 

3d. — The arc light, especially, is very injurious and destructive to the eyesight, as the severe 
"flickering" of the light (resulting from the variations in the speed of the machinery and the 
constantly changing shapes of the carbon points) causes the pupil of the eye to rapidly dilate 
and contract, be} T ond the point of safety and endurance. 

Constant efforts have been and are now being made to overcome the foregoing defects. The 
newspapers have announced that Professor Edison lias given himself to the cask of solving, 
within five years, the problem of generating the electric incandescent light directly from the 
combustion of coal, without the intervention of the now used intermediary boilers, engines and 
dynamos, as it is seen that the force to generate the light is derived originally from the coaL It 
will be safe to give the indefatigable Professor fifty or even one hundred years to accomplish his 
object. It is undoubtedly the case, that the conversion of the coal into gas with the minimum of 
waste, the use of the gas to propel automatic gas engines for running dynamos (requiring, as 
they do, only 10£ per cent, of good illuminating gas and 89J per cent, of air), and the use of 
improved conductors that will convey the electricity generated with less waste, is as much as the 
next century will be able to accomplish in perfecting the electric light. 

In the meantime, many improvements have been made in gas burners intended to compete 
with and supersede the electric lights still remaining in use. Among them can be numbered the 
Bray cluster burners, the Siemens and the Siemens- Lungren regenerative burners. These burners 
furnish more powerful, steadier and cheaper lights than the electric light, require no engineers, 
firemen or costly machinery, and are steadily taking the place of the electric light where changes 
are made having economy in view. The whole effect, therefore, of electricity upon gas thus far 
has been : to hasten to perfection the high candle power water gas processes, to lower prices of gas 
to the consumers, to cause the invention and utilization of superior gas burners, gas engines and 
other appliances, to largely increase the consumption of gas, and to create a very strong demand 
for better apparatus for the manufacture of gas, especially as it is now seen that electricity can 
not supersede or compete with gas for fuel, power and heating purposes. It can therefore be 
safely concluded, that there is now no finer field of enterprise, and no direction in which capital 
can be more safely and profitably invested, than in pushing, to their fullest extent and largest 
development, the gas industries opened up by these new and superior processes and apparatus 
for the manufacture of high candle power gas for fuel, power and illuminating purposes. 
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PATENTS. 

The following United States Patents, for improvements in the manufacture, burning and 
distribution of gas, have been granted to the author, viz. : 

December 25, 1883 No. 290,925 

December 25, 1883 " 290,926 

December 25, 1883 u 290,927 

December 25, 1883 ' ' 290,930 

April 6, 1886 << 339,471 

April 6, 1886 " 339,472 

May 11, 1886 « 341,506 

Several applications for additional patents are now pending, which perfectly and fully cover 
various minor details of the system. 

All of the designs contemplate a central fuel chamber, or chambers, connected with side 
steam superheating and gas fixing regenerative chambers, so constructed that the gases are dis- 
charged at the bases of the regenerative chambers, by which means the heats generated are 
retained within the apparatus and used to the best possible advantage. In this respect these 
designs are original, unique, and stand alone. In every other water gas apparatus the action of 
tlie regenerative chambers, with openings at the tops of the apparatus, tends to rapidly exhaust 
and waste the heat of the combustion chambers, thus making impossible the manufacture of gas 
at low cost. 



The clear, distinct and broad claims allowed upon the patents have been thoroughly examined 
and compared with everything in the same line in American and Foreign Patents, by Benj. R. 
Oatlin, Esq., the late able Chief Examiner in the department of gas and metallurgy in the United 
States Patent Office, and now of the National Law and Tiust Co., Washington, D. C. His written 
report on the scope and validity of the patents on gas manufacture is summed up as follows, viz. : 
tfc The patents specify new, u seful and efficient improvements, nnrl the claims thereon are good 
and valid in law/' It follows, that the National Law and Trust Co. are fully prepared to maintain 
and defend this opinion, the rights of tin 1 inventor and companies operating under these patents, 
in the United States Courts, should occasion arise therefor. 

" BUSINESS." 

The author desires to see gaseous fuel substituted for crude coal throughout the country, and 
the u smoke nuisance" a thing of the past, as soon as men and money can make the necessary 
changes in the present faulty processes of manufacture. To accomplish this, the cordial co-opera- 
tion of all who are engaged in the useful and fascinating art of gas manufacture and of the 
construction of gasworks is invited. 

As the basis of profitable enterprises, verily, u there's millions in it," and the author is 
prepared to divide liberally with those who desire to push new enterprises in any direction, prefer- 
ring to form no other monopolies than those that fairly earn the position by superior energy, activity 
and business ability, thus making room not only for all who are already familiar with, but also 
for others who wish to enter, this desirable field of operations. 

To all, therefore, the author would say greeting; first secure the necessary li< nexl 

"be sure you are right, and then go ahead." 

JO, 1887. H. C. REW. 
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In addition to many structure claims, covering the position of each chamber in the apparatus 
and the connecting pipes and flues, the " process claim" underlying these systems of gaa manu- 
facture, allowed to the author by the U. S. Patent Office, is as follows (see patents 339,471 and 
341,506): 

HEATING UP. 

I claim— " the process of generating gas, which consists in blasting simultaneously two con- 
nected generating furnaces with air, admitting air also above the tires and burning the products of 
combustion, and carrying the resulting hot fflise s downward th rough a superheating and a fixing 
chamber loosely filled with refractory material, thereby raising the fuel to incandescence and heat. 
ing the brickwork ;" 

MAKING GAS. 

"Then, passing air, gas, or steam, or any mixture of the same, upward thro ugh the super- 
heating chamber and through the two connecting furnaces, thereby decomposing the air, gas, or 
steam, and carbureting the resulting gases with the volatile hydrocarbons contained in the solid 
carbonaceous material, and with other liquid hydrocarbons, it' desired ;" 

RE-HEATING, EXPANDING AND FIXING THE GASES. 

"Then, forcing the resulting gases downward thro ugh the heated brickwork in the fixing- 
chamber, thereby fixing and combining the gases into a homogeneous gas/' 

All infringements on the foregoing will be promptly and vigorously prosecuted. 
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